Zimmerman, of Xenopus tropicalis as a new model system for the genetic analysis of development. Use of this species addresses several of the points above. In particular, X. tropicalis has a short enough generation time that it can serve as a 'genetic' organism, and it is diploid, making genetic analyses and assembly of the genome much simpler matters.
The renewed enthusiasm of the Xenopus community for genetics has greatly accelerated the acquisition of sequence data, and a particular landmark has been the recent announcement by the Joint Genome Institute of the third assembly of the X. tropicalis genome (http://genome. jgi-psf.org/frog4x1/frog4x1.home.html). In addition, extensive cDNA sequencing has been carried out for both X. tropicalis and X. laevis. For example, my colleagues at the Gurdon (http://informatics.gurdon.cam. ac.uk/online/xt-fl-db.htm) and Sanger Institutes (http:// www.sanger.ac.uk/Projects/X_tropicalis/) have recently analysed 219,270 X. tropicalis expressed sequence tags and thereby defined approximately 7000 putative fulllength cDNAs for use in functional screens (Gilchrist et al., 2004) . As discussed below, this work will greatly enhance the speed and sensitivity of functional screens in Xenopus. The data have also been used to create a set of 11,000 oligonucleotides for use in X. tropicalis microarray studies, and as described in this issue, the oligonucleotides prove also to work with RNA from X. laevis (Chalmers et al., 2005) . Microarrays specific for X. laevis have also been made by Ken Cho and Naoto Ueno and colleagues (Peiffer et al., 2003; Shin et al., 2004) and are also available from Affymetrix (http://www.affymetrix.com/ products/arrays/specific/xenopus.affx). Ueno and his colleagues (http://xenopus.nibb.ac.jp), as well as the NIH (http://xgc.nci.nih.gov), are also carrying out extensive X. laevis cDNA sequencing projects with the aim of identifying full-length cDNAs, work which will certainly expedite the future sequencing of X. laevis.
These resources, together with the energy and industry of people like Christof Niehrs and his colleagues, underlie much of the work described in this special issue of Mechanisms of Development. A glance through the contents of the issue makes it clear that 'Xenomics' is taking off. For example, work by Niehrs and his colleagues is providing information about gene expression patterns on an unprecedented scale, using both in situ hybridisation and microarray technology (Baldessari et al., 2005; Pollet et al., 2005) . This work allows the identification of novel 'marker' genes and the definition of new synexpression groups (Niehrs and Pollet, 1999) , as well as the expansion of existing ones. The work will expedite ongoing attempts to understand the transcriptional regulation of synexpression groups (Karaulanov et al., 2004) and will also allow one to predict the functions of previously unknown genes.
Another route to gene discovery and the definition of gene function involves functional screens, in which RNA transcribed from pools of cDNA clones is injected into Xenopus embryos and the embryos are then tested for particular phenotypes. Should an effect be observed, the active cDNA within the pool is isolated by sib selection. Such work was pioneered by Richard Harland and his colleagues, who, for example, discovered the dorsalising activity of noggin through this approach (Smith and Harland, 1992) . Screens of this sort are enormously powerful, but their execution inevitably involves a compromise of some sort. If the pools of cDNA that are being tested are large, one can only detect molecules that are active at low concentrations. If they are small, so that less potent molecules can be isolated, the screen becomes prohibitively labour-intensive. Another common difficulty with such screens is one might repeatedly isolate an abundant cDNA that is already known to have the desired activity, thereby frustrating attempts to find novel factors. Such a cDNA might encode, for example, a 5 0 -truncated version of b-catenin (Itasaki et al., 2003) . These problems have now been overcome through the work of Amaya, Gilchrist and Papalopulu and their colleagues, described in this issue Voigt et al., 2005) . These authors have used a bioinformatics approach to analyse 100,000 X. tropicalis gastrula and neurula cDNAs, thereby creating a unique set of approximately 2500 full-length clones. In this way, each cDNA is tested only once (one does not keep assaying EF-1a, for example) and one does not waste effort by examining truncated clones. This in turn allowed the authors to examine much smaller pools of cDNAs and thus to make their screens much more sensitive and efficient. In one screen of just 960 clones, Voigt and her colleagues (2005) discovered 18 cDNAs, some of which were completely novel, that produced neural phenotypes. In another screen Chen and colleagues analysed 1728 cDNAs and isolated 82 that affect mesoderm formation and morphogenesis. Expansion of such screens to the 7000 clones described by Gilchrist and colleagues (Gilchrist et al., 2004 ) is an exciting prospect.
If one is to claim to understand embryonic development, it is necessary to assemble genes and their products into a regulatory network, in which interactions between signals and responding genes are linked into an interacting whole, such that one can predict the effect of perturbation of any gene product on the level of another. Such an approach has been pioneered for the sea urchin by Davidson and his colleagues (Davidson et al., 2002a,b) , and these authors' Netbuilder programme has been used by Loose and Patient to create a regulatory network for transcription factors and embryonic signals involved in Xenopus mesendoderm formation (see Loose and Patient, 2004) . Into such networks one has to insert not only known genes, and genes isolated by expression cloning, but also those which have no phenotype when over expressed, perhaps because their normal levels in the embryo are not limiting. Such genes can be isolated through microarray analyses, and in this issue Taverner and colleagues (Taverner et al., 2005) have used this approach to search for targets of the maternal T domain protein VegT, which is required for formation of both the mesoderm and the endoderm during normal development (Zhang et al., 1998) . This work, which made use of an over expression strategy, allowed the identification of 99 cDNAs, each of which was tested individually for its candidacy as a bona fide direct VegT target. Of the 99 clones, 14 satisfied the criteria of being expressed in endoderm or mesoderm and of responding to VegT in the absence of intervening protein synthesis, and the authors went on to show that most of these require VegT for their expression during normal development and that they contain T domain binding sites in their 5 0 regulatory regions. These genes can thus be inserted into Loose and Patient's mesendoderm network as putative direct targets of VegT, and in due course their functions and target genes can be identified. Taverner et al. (2005) have already taken the first steps to this end through over expression experiments and attempts to inhibit the functions of the genes by means of antisense morpholino oligonucleotide experiments.
At present, the most reliable technique to inhibit gene function in Xenopus does indeed involve the use of antisense morpholino oligonucleotides (Heasman et al., 2000) , and the sequencing of the genome of X. tropicalis, together with various EST projects, should make it possible, in principle, to analyse the function of every gene expressed, say, during gastrulation. This is not as daunting, or as expensive, a task as might appear at first sight, and Nancy Papalopulu and colleagues have already published a small-scale antisense morpholino oligonucleotide screen (Kenwrick et al., 2004) and others are no doubt on the way. Meanwhile, Derek Stemple and others are optimising techniques such as 'Targeting Induced Local Lesions IN Genomes' or TILLING (Hurlstone et al., 2003; McCallum et al., 2000) .
But what of forward genetics? These are early days, but two papers in this issue address this approach, and it is clear that with sufficient energy and resources X. tropicalis will become as significant a genetic organism as the zebrafish. In common with other groups, Richard Harland and his colleagues are first sorting out the important issues of X. tropicalis husbandry and of inbreeding a population of animals for use in genetic mapping experiments (Grammer et al., 2005) . In the course of this work they identified three mutations in a population of Nigerian frogs, named grinch, curly and bubblehead, all of which are recessive embryonic lethals. Single, double and triple mutants were isolated, and all behaved in the expected Mendelian manner. Naturally occurring mutations were also isolated by Rob Grainger and his colleagues (Noramly et al., 2005) , who used a rapid gynogenetic screen to derive, so far, 10 lines with recessive lethal phenotypes. Some of these too have been assigned suitably descriptive names, including puffy eye, mixed up, little pitcher, rough diamond, balloon head and heartbreaker, and the work emphasises that wild-caught animals can be a very valuable source of interesting mutations.
These preliminary experiments open the way towards the use of induced mutagenesis, perhaps using ethylnitrosourea as a mutagen (Grunwald and Streisinger, 1992) , together, perhaps, with gene trap approaches (Bronchain et al., 1999) . The sensitivity of screens of this sort might, furthermore, be enhanced by carrying out screens in the background of specific transgenic reporter lines, which would allow clear visualisation of the structure under investigation (Hirsch et al., 2002) . There is no doubt that experiments of this sort, combined with the genomic approaches described above and with the 'traditional' strengths of amphibian embryos, will allow Xenopus to continue to provide cutting-edge insights into vertebrate development.
